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ISOLATED POPULATION OF PLANT SINGLE
CELLS AND METHOD OF PREPARING
SAME

CROSS-REFERENCE TO RELAT
APPLICATIONS

s
w

This application 1s a continuation application of U.S. appli-
cation Ser. No. 12/117,783, filed on May 9, 2008, now U.S.
Pat. No. 8,053,238, which 1s a continuation-in-part applica-
tion of U.S. application Ser. No. 12/063,929, 371(c) date of

Feb. 15, 2008, now U.S. Pat. No. 8,017,397, which 1s a U.S.
national phase of International Application No. PCT/
KR2006/001544, filed on Apr. 25, 2006, which claims the

benefit of Korean Application No. 10-2005-0103445, filed on

Oct. 31, 2005, the contents of which are hereby incorporated
by reference 1n their entireties.

TECHNICAL FIELD

Plant has been used very importantly not only as our food
supply but also as the source of extensive chemical substances
including, pharmaceuticals, fragrances, colors, agricultural
chemicals and dyes etc. Biologically active compounds that
are produced from plants are mostly secondary metabolites.
There 1s a greater interest on the secondary metabolites, such
as alkaloid, allergen, amino acid, anthraquinone, antileu-
kaemic agent, antimicrobial agent, antitumor agent, antiviral
agent, enzyme, flavonoids, insecticide, opiate, perfume, pig-
ment, vitamin, and polysaccharide etc., because most of them
work as physiologically active substances. According to
Zhong (2002), there are about 100,000 known plant second-
ary metabolites and more than 25% of the medicine that are
practically used 1s plant-derived substances. Every vyear,
novel secondary metabolites are discovered continually.

In the method of obtaining these metabolites, there are
many problems such as difficult chemical synthesis 1n spite of
the recent astonishing developments of the organic chemistry,
demolition of the nature due to exploitation and environmen-
tal pollution and changes of the content of metabolites and
increase ol the production cost depending on the culture
conditions, €.g., season, region and climate. Therefore, there
are on going active attempts to produce secondary metabo-
lites through 1n vitro culture techmque which has advantages
of controlling the adequate external environmental condi-
tions and producing on a large scale even 1n a small space.

BACKGROUND ART

According to Korean Patent No. 0130100, production of
biologically active substances through plant cell culture has
more advantages than direct extraction from the plant. Plant
cell culture 1s considered as an optimal method for continual
production which 1s not influenced by environment and for
solving the pending problems like destruction of ecology.

Nail & Roberts (2004), however, indicated slow growth
rate and low productivity of the plant cell culture for the
secondary metabolite production. To solve this problem,
there have been studies of the optimization of the media,
culture conditions, process and elicitation for higher produc-

tivity etc. (Zhong 2002). As disclosed 1n W0O93/17121, vari-
ous media was used to culture diverse Taxus for the increase
in cell growth rate and paclitaxel productivity. Based on the
results of the experiments, elicitation conditions for pacli-
taxel mass production was indicated. Despite the improve-
ments to the production of valuable secondary metabolites,
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variability 1s still a major issue for the production of paclitaxel
from 7axus and other valuable substances from numerous
plant systems.

Production of secondary metabolites through large scale
plant cell culture 1s commercially possible only when there 1s
a stable maintenance of rapid cell growth and high metabolite
production during long term culture. The abaility of the cell
lines that could produce distinct metabolites are not stable
which cause the cell lines to lose their mitial productivity
through subcultures; it 1s not too much to say that success and
tailure are depended on how we overcome these problems.

In plant cell culture, although the cells are derived from one
plant, metabolite productivity of each cell line 1s different and
unstable. Therelore, establishing the cell lines that have high
productivity and genetic stability 1s most important than any-
thing else.

Cell Lines Derived from Single Cells & and Multiple Cells

Plant cell lines derived from single cells have lower vari-
ability than the cell lines derived from multiple cells; this
results 1 higher productivity. In preceding inventions, stem,
root, seed, needle and leaf were used as the best explants for
cell line induction. These stem, root, seed, needle and leaf are
tissues that are composed of the cells with distinct functions
and morphology. Callus, cell lines dertved from these tissues
1s not of one kind. Therefore, there are limitations on the
attempts to reduce the productivity varniation of the callus
derived from the tissues consisted of multiple cells.

Cell Aggregation

One of the distinguishing characteristics of plant cell cul-
ture 1s cell aggregation. According to Korean Patent No.
0364478, diameter of the plant cell 1s 30-300 um which 1s
about 30 times bigger than the animal cell. Because plant cell
walls have natural tendency to adhere together, 1t 1s not pos-
sible to obtain suspension which consists only of dispersed
single cells. The proportion and the size of cell aggregates
vary according to plant variety and the medium in which the
culture 1s grown. Nail & Roberts indicated that cell aggrega-
tion leads to a difference 1n local environment between inte-
rior and exterior of the cells, which can result in culture
heterogeneity and ultimately leads to changes 1n growth and
metabolism.

The purpose of suspension culture 1s to obtain pure single
cells. To accomplish this objective, filtration, maceration and
protoplast culture by using enzyme were used. However,
filtration and maceration do not provide complete pure single
cells. Protoplast culture techmque which eliminates the cell
wall 1s the most reliable method for generating single cells,
but the enzyme used for the protoplast culture cause cell wall
damages or breakages that result in the change of cell physi-
ology. Moreover, hydrophobic secondary metabolites such as
paclitaxel can be stored in the cell wall, so the changes in the
cell wall have profound relationship with productivity.

Also, cell aggregation has long been a major obstacle to the
accurate measurement of cell growth by number and to bio-
chemical assays to individual cells. According to Nail &
Roberts (2004 ), 11 single cell culture 1s possible, 1t will readily
provide faster information about the behavior of cell units 1n
the culture such as biosynthesis, storage, and degradation etc.
of secondary metabolites.

Dedifferentiation

The deditferentiated cell line, which 1s callus, shows great
variability in the production of secondary metabolites due to
somaclonal variation. Callus dertved from the permanent tis-
sues such as leaves, stem, root and seed that are composed of
the cells with distinct functions and morphology usually
show dramatical changes even on slightly different micro-
environments because 1t 1s a secondary meristem formed by
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dedifferentiation. Due to this sensitivity, Hirasuna et al.
(1996) mvestigated to identily the cell culture conditions,
especially mitial cell density, subculture interval and tem-
perature, and to maintain them as precisely as possible.

Scale Up

In order to produce secondary metabolites through plant
cell culture for commercialization, scale up 1s essential.
Bioreactor has been applied for mass production after many
patents and articles were published, reporting about success-
tul production of metabolites through cell culture 1n a labo-
ratory scale. According to Korean Patent No. 0290004, appli-
cation of bioreactor for mass production provides very
different culture environment from the flask 1n a laboratory
scale which results 1n the decrease 1n growth rate and produc-
tivity and change 1n the metabolites. When the bioreactor 1s
applied for mass production, changes 1in growth rate, produc-
tivity and metabolites have become problems 1n commercial-
1zation of biologically active substances through cell culture.
In the scale up of plant cell cultures, a bioreactor which
receives the air through exterior power and/or a bioreactor
with impeller by considering the efficiency of the mixing and
acration are prelerred. However, cell viability decreases
abruptly 1n the bioreactor because plant cells are weak for
shear. Therefore, a method to reduce shear 1s necessary. The
cause of the shear sensitivity of the plant cell 1s explained by
its large size, rigid cell wall, aggregation and extensive vacu-
olate (Yokozi, etal., 1993). To solve these problems associated
with the bioreactor, a low shear generating bioreactor was
investigated 1n the past by controlling 1ts agitating speed and
moditying the impeller type. However, it still bears negative
results because the cell lines could not overcome the differ-
ences ol the microenvironment.

Cryopreservation

Cryopreservation allows the long term cell maintenance by
ceasing most of the metabolism of the cells 1n the extremely
low temperature. It signifies the recovery of the cells without
genetic, characteristics and biosynthetic variation after cryo-
preservation. By using cryopreservation, loss of the cells
from contaminations could be eliminated and the genetic
variation 1n the continuous cell lines could be minimized. In
cGMP, the preservation of the cell lines for a long period 1s
mandatory for the stable supply of raw materials. Usually,
cultured animal cells could undergo cryopreservation for
many years, but the similar cryopreservation technique 1s
much more challenging for cultured plant cells. Cultured
plant cells are heterogeneous and show diversity in physiol-
ogy and morphology. Therefore, plant suspension cells
require many processes for cryopreservation and mnadequate
cryopreservation could cause variability.

Conditioming Factors

Kim et al. (2000) demonstrated that cell division can be
stimulated 11 some media from actively dividing cultures was
added to the cultures that lost cell division ability. In the
production of anthocyanin through rose suspension culture,
the productivity increased when some media of strawberry
suspension culture was added to the rose suspension culture.
In this way, the substances that were produced and secreted
from the cultured cells to stimulate the cell growth or the
production of the secondary metabolites are called condition-
ing factors. Yet, these conditioming factors have not been
identified concretely and there are only some understanding
of conditioning factors acting as chemical signals for the cell
growth and metabolite production. Also, there are few reports
on the potent substances, such as phosphates and calmodium
which could be considered as conditioning factors. Condi-
tioming factors can be supplied through conditioned media or
helper cells.
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Pertusion Cultivation

Among the cell culture methods, there 1s a batch cultivation
involving the inoculation of the cell and the media together 1n
the beginning and no further nutrition supplementation. Also,
there 1s a continuous cultivation, mvolving the supplementa-
tion of the new media as the spent media that contains
metabolites 1s retrieved simultaneously at a consistent speed
during the culture period for the prevention of nutrition deple-
tion.

Batch cultivation 1s difficult in the commercial level due to
its low productivity. Among the continuous culture methods,
perfusion cultivation 1s recerving much attention these days.
In perfusion culture, the cells are remained 1n the bioreactor,
and new media 1s supplied as the spent media that contains
metabolites 1s retrieved.

According to Zhang et al. (2000), elicitation 1s one of the
most elffective ways to promote the secondary metabolites
production in cell culture. Elicitation encourages secondary
metabolite synthesis, but it induces cell growth inhibition and
the rapid decrease in the cell viability. Hence, secondary
metabolite synthesis by elicitation could be maintained only
for a short period and 1t 1s very limited. As Wang et al. (2001)
presented, perfusion cultivation 1s a strategy to minimize
these negative eflects by elicitation and to maximize the
productivity.

Wang et al. (2001) and Wu & Lin (2003) reported as fol-
lows. Secondary metabolites that are produced by elicitation
are stored 1nside the cell (vacuole or cell wall) or released
outside the cell (media). During the process of culture, releas-
ing secondary metabolites from the cell and removing it from
the media could bring easier purification and could diminish
the feedback 1nhibition of biosynthesis and degradation and
conversion of the products. Therefore, by retrieving the spent
media and supplying with a new media, secretion of internal
and external metabolites could extend the viability and bio-
synthesis of the cells, which could remarkably increase the
productivity.

Storage and the secretion of secondary metabolites showed
great differences depending on the cell lines. Taxus media cell
line (Wickremesinhe and Arteca 1994) did not excrete any.
Consequently, establishing cell lines that have outstanding
secretion ability 1s required.

Cambium Culture

Cambium 1s a lateral meristem that 1s located on the lateral
side of the plant. In the gymnosperm and woody dicotyledon
plants, there 1s a hypertrophic growth due to the continual
activity of the cambium; as a result, giant plants having more
than 11,000 years of the growth rings exist. In genetics, mer-
istems could be classified as primary and secondary mer-
istem. Primary meristem represents the meristem that forms
during embryogenesis and participates in the plant growth
after seed germination. Secondary meristem represents the
meristem that 1s formed by dedifferentiation of the plant
permanent tissue. Cambium 1s a primary meristem with mer-
1stematic continuity derived from procambium without the
intervene of the permanent tissue.

Growth of this primary meristem 1s indeterminate and
could be continued 1f the conditions are given. Therelore,
cambium culture has been used for rapid mass propagation of
the cells.

In the preceding studies, cambium explants were prepared
as follows: after the bark was peeled off, two longitudinal
cuts, approximately 1 mm deep 1n order to reach the xylem,
were made into the woody stem at an 1nterval of 5 mm. The
resulting explants were called ‘cambium’, which was consti-
tuted of part of the phloem, cambium and a small chip of
xylem (Jouira et al., 1998).
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It 1s reasonable to say that cells which are induced by the
method as mentioned above are not the sole origin of cam-
bium, but of multiple tissues, which can be solemnly distin-
guished anatomically such as phloem, cambium and xylem.
Thus, we could indicate that the method mentioned above 1s
not the i1deal techmique to separate only the cambium elabo-
rately from the various tissues that constitute the stems. A
creattve method to separate only cambium or procambium
from the various tissues of stems has been in demand.

The above information disclosed 1n this Background sec-
tion 1s only for enhancement of understanding of the back-
ground of the invention and therefore 1t may contain infor-
mation that does not form the prior art that 1s already known
in this country to a person of ordinary skill 1n the art.

SUMMARY OF THE DISCLOSUR.

(L]

The present invention 1s provide to resolve the problems
associated with the prior art, €.g., variation occurred 1n plant
cell culture.

One objective of the present invention 1s to provide a
method of producing a single cell clone or a population of
single cells by 1solating and culturing only cambium or pro-
cambium from a plant.

Another objective 1s to provide a method of stably produc-
ing biologically active substance (e.g., paclitaxel) or sub-
stances from the single cell clone or the population of single
cells.

To achieve the above objectives, 1n one aspect, the present
invention provides a method for 1solating a plant cambium-
derived or procambium-derived single cell clone, the method
comprising: (a) preparing and then sterilizing a plant tissue;
(b) collecting the tissue containing cambium or procambium
from the sterilized plant tissue; (¢) culturing the tissue con-
taining cambium or procambium, and thereby inducing a
cambium or procambium layer which i1s proliferated from
cambium or procambium, and a callus layer which 1s dertved
from regions except cambium or procambium and prolifer-
ated in an1rregular form; and (d) 1solating the single cell clone
from the cambium or procambium layer.

Preferably, the step (¢) comprises culturing the said tissue
in medium contaiming auxin. In a preferred embodiment, the
medium contains 1~3 mg/L of auxin.

In another aspect, the present mvention provides a single
cell clone induced from plant cambium or procambium, the
single cell clone comprises the following characteristics: (a)
above 90% cells 1n suspension culture exist as single cells; (b)
having multiple vacuoles morphologically; (¢) growing faster
than the cell line derived from regions except cambium or
procambium of the same plant origin, and culturing stably for
a long time; (d) having low sensitivity to shear stress in the
bioreactor; and (e) being 1nnately undifierentiated.

Preferably, the plant 1s the genus 7Zaxus. In a preferred
embodiment, the genus 7axus cambium-derived or procam-
bium-derived single cell clone has an ability of releasing
paclitaxel 270-720 or 404-10777 times more than the cell lines
derived from regions except cambium or procambium of the
same plant origin.

In still another aspect, the present invention provides a
method for producing plant-derived biologically active sub-
stances, the method comprising the steps of: (a) producing the
active substances by culturing the above single cell clone; and
(b) collecting the active substances. Preferably, the culturing
in the step (a) comprises retrieving the media used 1n cultur-
ing of the single cell clone culture and then supplying with a
new media.
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In a preferred embodiment, the single cell clone 1s the
genus faxus cambium-derived or procambium-derived single
cell clone, and the compound 1s paclitaxel. In this case, the
media may further contain one or more materials selected
from the group consisting of methyl jasmonate, phenylala-
nine and chitosan.

In a further aspect, the present invention provides a method
for preserving a plant cell line. The method comprises cry-
operservating single cells derived from plant cambium or
procambium, which are isolated by the above-described
method.

In accordance with the present ivention, it 1s possible to
culture single cell clone that has the meristematic continuity
of primary meristem without going through dedifferentiation
by precisely separating only cambium or procambium from
various tissues of woody plant twig or stem. Cell line of the
present mmvention allows stable production of biologically
active substances due to less change 1n the cell growth rate
and growth pattern during the long term culture. It 1s also
optimal for the mass production 1n commercial level because
it 15 less sensitive to shear 1n a bioreactor compared to the cell
lines dertved by the preceding techniques, due to less aggre-
gation and multiple vacuoles.

Metabolite activation can be stimulated by supplementing
conditioning factors to this cell line and cell vitality and
biosynthesis can be extended as the cells releasing consider-
able amount of production into the extracellular media
through perfusion culture. High recovering rate after cryo-
preservation due to homogeneity and division ability of this
cell line devises the establishment of cell bank. Through the
present invention, close relationship between homogeneity of
the cultures and varnation of secondary metabolites are con-
firmed, and the strategy for commercialization may be devel-
oped as the variability of diverse biologically active substance
production can be controlled and reduced.

The above and other features and advantages of the present
invention will be apparent from or are set forth 1n more detail
in the accompanying drawings, which are incorporated 1n and
form a part of this specification, and the following Detailed
Description, which together serve to explain by way of
example the principles of the present invention.

BRIEF DESCRIPTION OF DRAWINGS

The above and other features of the present invention waill
now be described in detail with reference to certain exem-
plary embodiments thereof illustrated the accompanying
drawings which are given hereinbelow by way of illustration
only, and thus are not limitative of the present invention, and
wherein:

FIG. 1A shows a twig after 30 days of cultivation 1n which
procambium (bottom) 1s separated from callus cells derived
from tissue which consists of phloem, cortex, and epidermis;
FIG. 1B shows a single cell clone dertved from procambium
after 35 days of cultivation; FIG. 1C shows callus dernived
from tissue which consists of phloem, cortex, and epidermis
alter 40 days of cultivation; and FIG. 1D shows callus dertved
from embryo or needle after 50 days of cultivation.

FIG. 2 show growth rate expressed by total biomass pro-
duction of three different 7. cuspidata cell cultures dertved
from procambium, embryo, and needle 1n 22 months with the
subculture 1nterval ranged between 14 days.

FIG. 3 A-D show images of cell aggregation of two differ-
ent 1. cuspidata cultures derived from embryo or needle (A,
C) and procambium (B, D), in which A shows large cell



US 8,329,471 B2

7

aggregates with the size of 1.5x10° um, B shows single cell
population, D shows cells presenting a high density of vacu-
ole.

FIG. 4 1s a graph showing the effect of elicitors and their
combinations on paclitaxel production in 7. cuspidata (single
cell clone from procambium) cultures, 1n which conditioning
factors were incorporated to zero-day cultures; C, control;
Chi, 50 mg/L Chitosan; Phe, 0.1 mM Pheylanine; MJ, 100 uM
Methyl Jasmonate; Com, combination of 50 mg/I. Chitosan,
0.1 mM Pheylanine, and 100 uM Methyl Jasmonate.

FI1G. 51s a graph showing the effect of conditioning factors
on paclitaxel production 1mn I, cuspidata (single cell clone
from procambium) suspension culture, 1n which elicitors
were 1mncorporated to 14-day old cultures; CF, conditioning,
factors.

DETAILED DESCRIPTION OF TH
DISCLOSURE

(Ll

Practical examples of the mvention are explained below.
Induction and proliferation method of single cell clone from
cambium or procambium 1s not only utilized 1n paclitaxel
production system but 1t may also be utilized 1n all plant
secondary metabolite production system. The following
examples are offered by way of illustration, not by way of
limitation.

Practical Example 1

Preparation of Plant Maternals and Isolation of
Cambrium or Procambium

Seed, needle, twig of the yew tree were collected. After
collecting the matenals, they were deposited in the solution of
100 mg/L. of antioxidant, ascorbic acid (L-ascorbic acid,
DUCHEFA, The Netherlands) immediately and transferred
and preserved. They were surface sterilized by considering
the morphology and physiological characteristics of the
materials.

1. Seed: After sterilizing the seeds with 70% ethanol for
one minute, they were immersed in 1% Clorox solution for 48
hours and were washed 3 to 4 times with sterile water. Next,
embryo was separated from the seed 1n the solution of 0.5%
PVP (polyvinyl pyrrolidone, DUCHEFA, The Netherlands)
and 50 mg/L. of ascorbic acid (L-ascorbic acid, DUCHEFA,
The Netherlands), and 70 mg/L of citric acid (DUCHEFA,
The Netherlands) and cultured on the callus induction media.

2. Needle and twig: After 24 hours of treatment with the
solution containing 1% Benomyl (Dongbu Hannong Chemi-
cal, Korea)+1% Daconil (Dongbu Hannong Chemical,
Korea)+1% Streptomycin sulphate (DUCHEFA, The Neth-
erlands)+0.1% Cefotaxime sodium (DUCHEFA, The Neth-
erlands), needles and twigs were rinsed with tap water for 30
seconds to remove the remaining chemical substances and
phenolic compounds. After sterilizing them with 70% ethanol
(DC Chemical, Korea) for one minute, 30% hydrogen perox-
ide (LG Chemical, Korea) for 15 minutes, 1% CLOROX
solution for 15 minutes, 3% CLOROX solution for 5 minutes
in order, they were washed 3 to 4 times with distilled water. To
prevent the oxidation, both ends of the needle were cut in the
solution of 5% PVP, 30 mg/L ascorbic acid and 70 mg/L citric
acid and cultured on the callus induction media.

3. Cambium or procambium preparation from the twig or
stem: By holding the xylem which 1s the center region of the
twig or stem with the tweezers, phloem and cortex and epi-
dermis tissues including cambium or procambium were
peeled off. These peeled tissues that contained cambium or
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procambium were laid on the media; cambium or procam-
bium was allowed to touch the surface of the media.

Practical Example 2

Induction of Single Cell Clone from the Isolated
Cambium or Procambium

After 4th to 7th day of the culture, cell division of cambium
or procambium was observed and on the 15th day of the
culture, callus was beginning to form from the layer consisted
of the phloem and cortex and epidermis that were the upper
part of the cambium or procambium. On the 30th day of the
culture, the cambium or procambium began to be separated
from the upper layer tissue that contained the phloem and
cortex and epidermis; after these two layers were completely
separated naturally, they were cultured individually on differ-
ent petr1 dishes (FI1G. 1).

For the purpose of cell and callus induction, universally
known media of the plant cell and tissue culture could be

used: e.g. mB5 (modified Gamberg’s B5 medium), MS (Mu-
rashige & Skoog medium), WPM (Lloyed & McCown), SM
(schenk & Hildebrand medium), LP (Quoirin & Lepiovre).
Application of all these media 1s possible. Various additives
could be supplemented and components of the media could
be reduced or eliminated as the need arises. Among them, the
most appropriate media was mB3. The contents of mB5 are
described in the following Table 1.

TABL.

(Ll

1

CELL LINE INDUCTION & MAINTENANCE
MEDIUM IN 74XUS SPP.

Composition Contents (mg/L.)

Inorganic KNO, 2500
salts (NH,)>S0, 134
MgSO,*7H,0 121.56
MnSO,*4H,0O 10
ZnS0,*7H-,0 2
CuSO,4*5H,0 0.025
CaCl,*2H,0 113.23
KI 0.75
CoCl5*6H,0 0.025
NaH,PO,*H-,O0 130.44
H,BO, 3
Na>MoO,*2H-0 0.25
FeNaEDTA 36.7
Vitamin Myo-1nositol 200
Thiamine-HCI 20
Nicotinic acid 2
Pyridoxine-HCI 2
L-ascorbic acid 50
Citric acid 75
Amino L-aspartic acid 133
acid L-arginine 175
Glycine 75
Proline 115
Hormone a-Naphtalene acetic acid 2
Sucrose 10,000
Activated 100
charcoal
Gelrite 2,000

The cultures were grown on the media that was supple-
mented with a plant growth regulator, auxin (1-3 mg/L) in the
dark at 25+1° C.

The cambium or procambium was composed of homoge-
neous cells, so 1ts cell division was uniform and proliferation
occurred 1n the form of a plate. On the other hand, the tissue
containing the phloem and cortex and epidermis proliferated
in 1rregular form because there was a discrepancy of cell
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division due to the composition of many kinds of cells. There
was a self-split of the layer in between the cambrium or
procambium and the tissue containing phloem and cortex and
epidermis (FIG. 1). The cambrium or procambium was
homogeneous and the tissue containing phloem and cortex
and epidermis was heterogeneous, so the seli-splitof the layer
seemed to be the result of different division rate.

After 15th day of the culture, calli were formed on the
explants of embryo and needle that are composed of hetero-
geneous cells by differentiation and these calli proliferated 1n
irregular forms due to the different division rate of various
cells just like the tissue that contained phloem and cortex and

epidermis. (FI1G. 1)

Practical Example 3
Establishment of Long Term Culture

Among the calli, white and friable calli that had good
growth rate were subcultured onto the new media every 14
days. The growth rate of the embryo and needle-derived cul-
tures was very unstable and 1t often showed the tendency of
browning. On the contrary, the growth rate of the cambrium-
derived or procambium-derived cultures was fast and there
was no color change of the cultures. Therefore, 1t was possible
to select the stable cells.

After s1x months of the culture, most of the embryo and
needle-dertved cultures had yellow or light brown color and
aggregation formed. The procambium-derived or cambium-
derived cultures had white-yellow color and were maintained
as single cells or small cell clusters. The growth rate of the
cultures that turned brown and formed aggregation slowed
down and the cultures died eventually because of the phenol
chemical substance that they excreted.

According to this mnventor, maintenance and mass prolif-

eration of the embryo and needle-derived cultures was diifi-
cult after 6 months, but the cambium-derived or procambium-
derived cultures were maintained stably for more than 20
months of the long term culture without any variation 1n the
rate of cell growth, growth pattern and aggregation level
(FIG. 2). In other words, variability appeared 1n growth pat-
tern, depending on the homogeneity and heterogeneity of the
initial plant matenals.

Practical Example 4

Establishment of Cell Suspension Culture

The embryo and needle-derived and the cambium-derived
or procambium-derived cultures were cultured individually
in the flask containing the liquid media (Table 2).

TABLE 2

SUSPENSION MEDIUM IN 74XUS SPP.

Composition Contents (mg/L)
Inorganic Ca(NO;), 471.26
salts NH,;NO, 400
MgSO,4*7H,0 180.54
MnSO,*4H,0 22.3
ZnsS0,*7H,0 8.6
CuSO,*5H,0 0.25
CaCl,*2H->0 72.5
K,S0, 990
Na,MoO,*2H-0 0.25
H;BO; 6.2
KH->PO, 170
FeNaEDTA 36.7
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TABLE 2-continued

SUSPENSION MEDIUM IN 74XUS SPP.

Composition Contents (mg/L.)

Vitamin Myo-1nositol 200
Thiamine-HCI 20
Nicotinic acid
Pyridoxine-HCI
L-ascorbic acid 50
Citric acid 75
Amino L-aspartic acid 133
acid L-arginine 175
Glycine 75
Proline 115
Hormone a-Naphtalene acetic acid 2
Sucrose 30,000

They were cultured on the 100 rpm rotating shaker 1n the
dark at 25+1° C. With the two weeks of subculture 1nterval,
cultures were allowed to maintain high vitality continuously
as exponential growth phase.

Aggregation level which 1s the main cause of the variation
of cell productivity was measured. Cell aggregate quantifica-
tion was measured with the biological microscope (CX31,
Olympus, Japan). The result of the experiment described
above 1s on Table 3.

TABLE 3

1TYPE OF CELL AGGREGATES OF
{AXUS LONG-TERM CULTURES

Large cell Moderate cell Small cell Single cell
aggregates aggregates aggregates population Explant source
60 = 3.2% 30 £ 3.3% 7 +0.6% 3 +0.9% embryo, needle
0 0 7.4+ 08% 92.6 £ 0.8% procambium
0 0 9% 91% cambium

Large cell aggregates, size higher than 1.5 x 103 LLIT;
Moderate cell aggregates, 1 x 10° LT,
Small cell aggregates, 4 x 107 um << s1ze < 1 xx 103 LI

in case of the suspension of the embryo and needle-derived
cultures, about 60% had cell aggregation size more than 1.5
mm but in the suspension of the procambium-derived cultures

or cambium-derived cultures, 92.6% or 90% ot the cells,
respectively, were cultured as single cells.

Practical Example 5

Scale Up

The embryo and needle-derived and the cambium-derived

or procambium-derived cultures were cultured 1n 3L airlit
bioreactor (Sang-Won Sci1Tech, Korea) mthe dark at 25+1° C.

In case of the embryo and needle-derived cultures, there
was a great variability 1n the size and shape of the cells
compared to the flask culture, Diameter of the cell aggrega-
tion was enlarged up to 2-3 mm, which ihibited the flow
inside of the bioreactor and developed unmixed region 1n the
bioreactor. Growth ring formed by the cells adhering to the
internal wall of the bioreactor. Cells 1n the center of the
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growth ring died after 20 days because the media was not
supplied efficiently. Eventually dead cells excreted toxic sub-
stances and these substances lowered the vitality of all cells 1n
the bioreactor. On the opposite, less aggregation of the cam-
bium-derived or procambium-derived cultures caused
smooth air circulation in the bioreactor; hence 1t was possible
to diminish the amount of air supply from 200 ml to 150 ml
per minute and the amount of developed bubble on the surface

of the media was greatly reduced.

Doubling time of the embryo and needle-derived cultures
in the flask was 12 days but 1t was lengthened to 21 days in the
bioreactor. It was because of the growth ring formation and
rapid decrease of cell viability due to sensitiveness to shear by
cell aggregation and rigid cell wall. Doubling time of the
cambium-derived or procambium-derived cultures was 4 to 5
days and there was no difference 1n the flask and the bioreac-
tor, rather 1t was shortened in the bioreactor (Table 4). The
procambium-derived or cambium-derived cultures formed
very small growth ring in the bioreactor and the growth ring
was dissolved easily by agitating the media with a simple
stimulus. Moreover, there was no decrease 1n cell viability
due to less sensitivity to shear by less cell aggregation and
multiple vacuoles.

RELATIONSHIP BETWEEN DOUBLING TIME PATTERNS
AND EXPLANT SOURCE IN 77 CUSPIDATA CELL
CULTURES IN FLASK AND BIOREACTOR

Doubling time(day)

Explant source flask bioreactor
Embryo 11.5+1.3 21 £2.6
Needle 12 £2 21 £2
Procambium 5+0.2 4 +0.1
Cambium 5 4

Practical Example 6

Elicitor

Elicitor controls molecular signal in plant cells and 1s
widely used for the increase of secondary metabolite produc-
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ity through the combination of methyl jasmonate and other
clicitors. Especially, paclitaxel production was very effective
with the treatments of methyl jasmonate, chitosan and phe-

nylanine (FIG. 4).

Practical Example 7

Conditioming Factors

Plant derived secondary metabolites are produced when
the cells are growing or when the cells stopped growing.
Therefore, two stage cultures are suitable for the production
ol metabolites like paclitaxel whose cell growth stage and
metabolite production stage are separated. In the first stage,

cells were proliferated in a large scale by optimizing the cell
growth and in the second stage, the culture condition was

changed for the optimization of metabolites production.

Cell lines with high secondary metabolites productivity
ogrow slower and die faster than the cell lines with low pro-
ductivity. Therefore, mass proliferation 1s difficult a d mass
production of the metabolites 1s impossible.

In this mvention, cell lines with the ability of low prolif-
eration and high production were not used for the prolifera-
tion 1n large scale, rather they were used as the helper cells
that have the conditioning factors for the production of sec-
ondary metabolites. We observed the paclitaxel production

alter adding the helper cells. The results are summarized 1n
FIG. 5.

Practical Example 8

Perfusion Culture

On the 14th day of culture, elicitor was treated to the
embryo and needle-derived and the cambium-derived or pro-
cambium-derived cultures. From the point of elicitation,
spent media was retrieved 1n an aseptic condition with pipette
on every 5 days and was supplied with the same amount of
new media simultaneously. The production of paclitaxel in
the cell and the media were observed after 45 days of the long
term culture. The result was summarized 1n Table 5.

TABL

(Ll

D

PACLITAXEL PRODUCTION AND RELEASE OF 1. CUSPIDATA
CELLS IN VARIOUS EXPLANT SOURCES AND PROCESSES

Materials & Taxol vield (mg/kg)

PIroCcesses In cell In medium Total(days) Taxol release(%)
embryo 1297 +£1.16 0.03 £0.01 13 £1.17 (28) 0.2 +0.1
Needle 10.92 £ 1.6 0.08 +0.01 11 £1.6 (28) 0.7 0.1
Procambium 86.4 £ 6.7 323+7.6 118,77 £3.3 (28) 27.1 £6.1
Procambium 0 0 0 (45) —
Procambium 65.5+4.1 171.8«+11.1 237.3 7 (45) 723 £2.5
perfusion culture

Cambium 76.4 21.6 08 (28) 22
Cambium 0 0 0 (45) —
Cambium 69 195 264 (45) 74

perfusion culture

tivity. After the treatment of methyl jasmonate as an elicitor

Depending on the cell lines, paclitaxel release of the cell to

and 10 other kinds of elicitors, we observed that methyl g5 the media was different. Paclitaxel releasing ability of the

jasmonate had positive etfect on the paclitaxel production. It

was possible to obtain relatively high metabolites productiv-

cambium-derived or procambium-derived cultures was supe-
rior to the cultures of the preceding techniques. The cam-
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bium-derived or procambium-derived single cell clone had an
ability of releasing paclitaxel about 270-720 or 404-1077
times more than the cell lines dertved from embryo and
needle (in medium of Table 35). Moreover, application of
perfusion culture facilitated the release of secondary metabo-
lites to the media. Improvement 1n the extracellular release of
secondary metabolites through the cambium-derived or pro-
cambium-derived single cell clone by exchanging the media
periodically had great importance because 1t allowed continu-
ous recycle of the biomass and simple purification.

In other words, periodical exchange of the media in the
cambium-derived or procambium-derived single cell clone
culture can be considered as a stable method of producing
valuable metabolites 1n the long term culture, because it pre-
vents feedback mhibition of accumulated metabolites 1n the
cell, degradation and conversion of the metabolites 1n the
media.

Practical Example 9
Cryopreservation

On the 6th or 7th day of the culture, suspension cells were
pre-cultured 1n the media containing 0.16M of mamitol for 3
days at the room temperature and then maintained at 4° C. for
3 hours. Cells were harvested and placed into 4 ml cryovial
which had the media containing 40% ethylene glycol (Sigma,

SA) and 30% sorbitol (DUCHEFA, The Netherlands) and
cultured for 3 minutes at 4° C.

Suspension cells that were treated with cryopreservatives
were frozen after the cells were soaked 1n the liquid nitrogen.
For thawing, cultured cells 1n the liquid nitrogen for more
than 10 minutes were thawed in the 40° C. water bath for 1-2
minutes. For the re-growth of the cells, cryopreserved cells
were transierred onto the semi-solid growth media (Table 1)
containing 0.5 M sorbitol and alleviated at the room tempera-
ture for 30 minutes. Cells were cultured on the semi-solid
growth media containing 0.1M sorbitol for 24 hours. And
then, the cells were cultured on the semi-solid growth media
without sorbitol for 24 hours, twice. Cell viability was evalu-
ated.

Practical Example 10
Analysis of Paclitaxel Content

After separating the cells from the media of the recovered
samples, paclitaxel contents were analyzed. Cell mass was
measured after drying the cells completely with vacuum desi-
cator (Sam Shin Glass, Korea). About 100 mg (dry weight) of
the cells were mixed with 4 ml solution (1:1 v/v) of methanol
(Sigma, USA) and methylchloride (Sigma, USA) and were
extracted by ultrasonic cleaner (Branson, USA) for 3 times 1n
one hour 1nterval at the room temperature. Cells were tully
dried and extracted several times by using 4 ml of methyl-
chlonide. Separated organic solvent layer was vacuum dried
and the remaining was dissolved 1n 1 ml of methanol. Dis-
solved extract was agitated equally by ultrasonic cleaner.
Then, after centrifugation, the pellet was removed (8,000 gx 5
min).

Media (1-5 ml) that was separated from the cell was com-
bined with the same volume of methylchloride and was
extracted 3 times after full agitations. After organic solvent
was vacuumed and dried completely, 1t was dissolved 1 0.5
ml of methanol again.

HPLC (High Performance Liqud Chromatography,

Shiseido, Japan) was used for the analysis of the content and
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Sigma products were used for paclitaxel standard substances.
Capcell pak (C18, MGII, 5 um, 3.0 mm.times.250 mm,
Shiseido, Japan) was maintained to 40° C. by using the oven,
and water and acetonitril (Burdick & Jackson, USA) (50:50,
v/v) were combined for the mobile phase and dropped regu-
larly with the speed o1 0.5 ml/min. UV-VIS detector (227 nm,
Shiseido, Japan) was used.

As described above, according to the present ivention,
single cell clone, a primary meristem which has the meristem-
atic continuity without dedifferentiation, obtained by sepa-
rating cambium or procambium purely from twig or stem
resulted 1n higher productivity due to shorter doubling time
and/or due to less change in the cell growth and growth
pattern during the long term culture than the cell lines
obtained by conventional techmiques. In addition, the-thus
obtained single cell clone facilitated scale up because of less
aggregation and multiple vacuoles of the cell lines. The single
cell clone also allowed recovery after cryopreservation with-
out any genetic variation.

The invention claimed 1s:

1. A cell line from a plant comprising innately undifieren-
tiated cells 1solated from the plant meristem without going
through dedifferentiation into callus.

2. The cell line of claim 1, wherein said innately undiffer-
entiated cells are derived from cambium of the plant.

3. The cell line of claim 1, wherein said 1innately undifier-
entiated cells are dertved from cambium of the stem of the
plant.

4. The cell line of claim 1, wherein said cells comprise one
or more characteristics selected from the group consisting of:

(1) forming smaller-sized aggregates than the aggregates

formed by cells dertved from deditlerentiated callus of
the plant;

(1) growing 1n a rate faster than cells derived from dedit-

terentiated callus of the plant;

(111) stably growing for a longer period than cells derived

from dedifferentiated callus of the plant;

(1v) having multiple vacuoles;

(v) comprising a greater number of single cells than cells

derived from dedifferentiated callus of the plant; and

(v1) having lower sensitivity to shear stress 1n a bioreactor

than cells dertved from dedifferentiated callus of the
plant.

5. The cell line of claim 4, which 1s homogeneous.

6. The cell lines of claim 4, wherein said growing of the cell
in (11) or (111) 1s 1n a suspension culture.

7. The cell line of claim 4, wherein said plant 1s the genus
laxus.

8. The cell line of claim 7, wherein at least about 90% of
said cells are single cells.

9. The cell line of claim 7, wherein said cells have one or
more characteristics selected from the group consisting of:

(1) the cells do not form aggregates larger than 1.5 mm:;

(1) the cells do not form aggregates larger than 1.0 mm; and

(111) the cells can be stably grown 1n a culture for at least 20

months.

10. The cell line of claim 9, wherein said cells have a
doubling time of about four days 1n a bioreactor or about five
days 1n a flask.

11. The cell line of claim 1, wherein said cells produce one
or more substances.

12. The cell line of claim 11, wherein said substances are
secondary metabolites.

13. The cell line of claim 11, wherein said substances are
produced 1n an amount higher than the substances produced
in cells derived from dedifferentiated callus of the plant.
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14. The cell line of claim 11, wherein said substances are
produced more consistently than the substances produced in
cells derived from deditlerentiated callus of the plant.

15. The cell line of claim 11, wherein said substance 1s
selected from the group consisting of an alkaloid, an allergen,
an amino acid, an anthraquinone, an antileukaemic agent, an
antimicrobial agent, an antitumor agent, an antiviral agent, an
enzyme, a flavonoid, an insecticide, an opiate, a perfume, a
pigment, a vitamin, a polysaccharide, and combinations
thereof.

16. The cell line of claim 11, wherein said plant 1s the genus
1axus, and wherein said substance 1s paclitaxel.

17. The cell line according to claim 16, wherein said cells
produce paclitaxel 270-720 times more than cells derived

from a dedifferentiated callus of said plant.

18. A method of 1solating the cell line of claim 1 compris-
ng:

(a) obtaining a tissue containing innately undifferentiated

cells from a plant;

(b) culturing said tissue 1 medium, thereby inducing a
layer proliferated from the innately undifferentiated
cells; and

(¢) collecting mnately undi
the layer.

19. The method of claim 18, wherein said layer proliferated
from the innately undifferentiated cells 1n (b) 1s separated
from a layer proliferated from dedifferentiated callus cells.

20. The method of claim 19, wherein said tissue of (a) 1s
sterilized.

21. The method of claim 19, wherein said tissue 1n (a) 1s
obtained by removing the tissue containing cambium or pro-
cambium from xylem tissue.

.

‘erentiated cells by 1solating
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22. The method of claim 21, wherein said removing 1s by
peeling off the tissue containing cambium or procambium
from xylem tissue.

23. The method of claim 18, wherein said medium in (b)
comprises auxin.

24. The method of claim 23, wherein said medium 1n (b)
comprises 1-3 mg/L. of the auxin.

25. A method for producing one or more biologically active
substances, the method comprising the steps of: (a) culturing
the cell line of claim 1 1n a medium wheremn said active
substances are produced from the cell line, and (b) collecting
said active substances.

26. The method of claim 25, wherein culturing 1n (a) com-
prises retrieving the medium used in culturing of said cells
and then supplying with a new medium.

277. The method of claim 25, wherein said medium 1n (a)
comprises one or more materials selected from the group
consisting of methyl jasmonate, phenylalanine, and chitosan.

28. The method of claim 27, wherein said new medium
comprises one or more materials selected from the group
consisting of methyl jasmonate, phenylalanine, and chitosan.

29. A method of preserving a plant cell line, comprising
cryopreserving the cell line of claim 1.

30. The cell line of claim 1, wherein said innately undif-
terentiated cells are derived from procambium of the plant.

31. The cell line of claim 1, wherein said mnately undii-
terentiated cells are derived from procambium of the stem of
the plant.
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